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(57) ABSTRACT 

A universal recipe editor is for off-line Viewing and editing 
of Semiconductor-manufacturing recipes. The universal 
recipe editor can read recipes from a wide variety of 
Semiconductor-manufacturing machines from different 
manufacturers using recipe distributed object model 
(R-DOM) files. An R-DOM file is generated for each kind 
of recipe-file format to locate proceSS parameters within 
proprietary recipe-file formats. The Sequence of parameters 
in the R-DOM file matches the sequence in the recipe data 
file So that parameters may be mapped from recipe data files 
for display and editing. ASCII or binary recipe file formats 
are mapped from the recipe data file using R-DOM objects. 
Revision and authoring information is kept in a recipe 
information file for each recipe. Each line of the recipe data 
file can Specify a different process parameter. Security or 
access rights for each parameter is added for each parameter 
by including security codes on each line in the R-DOM file. 
A Security System is queried before each parameter is 
updated to determine if the user has Sufficient privilege to 
update that parameter. Parameter-level Security is thus pro 
Vided for proceSS recipes for a variety of Semiconductor 
equipment. R-DOM files may contain other information not 
provided for by the recipe format, Such as parameter-level 
functions and limits. User-defined validation functions that 
depend on multiple parameters can be executed as each 
parameter is edited 
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RECIPE EDITOR FOR EDITING AND CREATING 
PROCESS RECIPES WITH PARAMETER-LEVEL 

SECURITY FORWARIOUS KINDS OF 
SEMCONDUCTOR-MANUFACTURING 

EQUIPMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This application is a divisional of U.S. Ser. No. 
09/350,039, filed Jul. 8, 1999, now U.S. Pat. No. 

BACKGROUND OF INVENTION 

0002 This invention relates to software editors, and more 
particularly to Systems for editing Semiconductor-proceSS 
recipes from different Semiconductor-processing machines. 
0.003 Advances in semiconductor manufacturing are the 
driving force behind increases in productivity in almost all 
areas of today's economy. Powerful computers and net 
WorkS rely on inexpensive Semiconductor integrated circuits 
or chips. Semiconductors are mass produced as batches of 
Silicon waferS move through various Steps of a Semiconduc 
tor fabrication plant or “fab'. Each wafer may contain 
hundreds or thousands of individual chips. 
0004. A batch of wafers is processed by a sequence of 
various process Steps. Furnaces are used to grow Silicon 
dioxide (oxide) layers on the Silicon Surface of the wafers. 
StepperS and other photolithography machines expose a 
layer of photo-resist on the wafer Surface, while chemical 
baths wash away either the exposed or un-exposed photo 
resist to form circuit and device patterns on the wafer. 
Low-pressure plasma-gas etchers cut into oxide or other 
layerS patterned on the wafer. Chemical-vapor-deposition 
(CVD) machines and metal-vapor deposition machines 
deposit thin yet uniform layers on the wafer. Ion implanters 
drive high-energy beams of ions into the wafer, forming 
doped regions. Wafers processed in a fab also undergo 
various tests and measurements for durability, defects, and 
conformance with original design and process requirements. 
Various wafer inspection, metrology, test, and measurements 
tools are used. 

0005 Each of these semiconductor-processing, inspec 
tion, metrology, and measurement machines requires a Set of 
operating instructions (a processing program) or a recipe. 
The recipe varies for each kind of machine, and even among 
different machine manufacturers for the same kind of 
machine. For example, an etch System by Applied Materials 
of Santa Clara, Calif. may require a 10-minute reaction time 
with a certain flow of gases, while the reaction chamber is 
kept at a certain elevated temperature. At the end of the 
10-minute reaction time, the flow of reactive gasses are 
gradually reduced and replaced with inert gasses as the 
temperature is lowered. Another etch System by Lam 
Research of Fremont, Calif. may require a 15-minute reac 
tion time, with a different mixture of gasses and a different 
temperature. 

0006 Other kinds of semiconductor-processing equip 
ment require vastly different recipes. A furnace recipe may 
Specify how rapidly a tray of waferS is pushed into the 
furnace tube while inert gas is pumped through the furnace. 
Then the temperature is raised to a first target. Next a 
reactive gas Such as Oxygen or Silane is pumped through the 
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furnace tube to form an oxide or poly-Silicon layer. Finally 
Some nitrogen or nitrogen-oxide may be introduced to form 
a capping layer of a nitride over the oxide or polysilicon. 
Then after a specified time, inert gas is pumped through the 
furnace as it cools down to a Second target temperature over 
a specified time interval. Finally the tray of wafers are pulled 
out of the furnace tube at a specified rate and allowed to cool 
before being moved to the next process machine. 
0007. These recipes can become quite complex and var 
ied as process engineers attempt to tweak the process for 
desired electrical and manufacturing-yield results. Different 
Semiconductor products may require different recipes or 
combinations of Steps. A dynamic-RAM process may 
require lighter ion-implant doses than a proceSS for logic 
chips. Different oxide thicknesses require different reaction 
times in the furnaces. 

0008 Wide Variety of Semiconductor-Process Equip 
ment FIG. 1 

0009 FIG. 1 illustrates some of the semiconductor 
process equipment in a wafer-fab clean room. Semiconduc 
tor-manufacturing equipment 10 includes low-pressure and 
plasma reaction chambers, lithography equipment, ion 
implanters, wafer wash Stations, and furnaces, among others. 
Each piece of equipment 10 typically includes an embedded 
computer or controller for operating the equipment. The 
embedded computer controls reaction times, gas flow rates, 
temperatures, ion-implant doses and energy, and perhaps 
robotic movement of wafers through the equipment's reac 
tion chambers. A video display may be included to alert 
equipment operators when Steps have completed, and key 
boards allow the operators to Select recipes for use with a 
current batch of wafers. Bar-code readers may also be used 
as an input device, reading a bar code on each box of wafers. 
0010 Each of the different pieces of semiconductor 
manufacturing equipment 10 has a different user interface, 
requiring Special training for the operators and process 
engineers. Few if any engineers can operate all equipment in 
a fab, requiring that process engineerS Specialize in one or a 
few types of Semiconductor-manufacturing equipment. 
Some machines may provide recipe-editing and display 
features, allowing a proceSS engineer to view and edit a 
recipe, and manage many different recipes on the embedded 
computer's Storage. However, the lack of a Standard user 
interface among the different machines limits an engineer to 
editing recipes on just a few of the many machines. 
0011. Other kinds of factories have established file stan 
dards. See U.S. Pat. Nos. 5,828,851 and 5,838,563. Unfor 
tunately, the extremely competitive environment for Semi 
conductor-manufacturing equipment has prevented adoption 
of Such Standards. Instead, Separate WorkStation computers 
are often used in the fab in conjunction with each process 
station. See U.S. Pat. Nos. 5,432,702 and 5,105,362. 
0012 While such recipe editing is useful, the editing 
feature of Semiconductor-manufacturing equipment has 
been called the World's most expensive word processor. 
Semiconductor-manufacturing equipment can cost as much 
as a million dollars per machine. Use of the editing features 
may prevent the Semiconductor-manufacturing equipment 
from processing wafers. This down-time is quite expensive 
in terms of lost wafer revenue and depreciation of the 
equipment. Thus is it very undesirable to edit recipes on the 
Semiconductor-manufacturing equipment itself. 
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0013 The semiconductor-manufacturing equipment is 
usually located inside a low-particle-density environment 
called a clean room. To maintain the low particle density, all 
perSons are required to wear Special clothing known as a 
"bunny Suit”. Gloves, masks, and even breathing filters are 
required in Some clean rooms. Typing in a recipe while 
wearing gloves is cumberSome, and engineerS Sometimes 
may be tempted to remove the gloves, generating particles 
in the clean room. 

0014) Offline Editing on a PC FIG. 2 
0.015 FIG. 2 shows transferring a recipe from a clean 
room to a personal computer (PC). Since editing a recipe on 
the Semiconductor-manufacturing equipment (on line edit 
ing) is So expensive, recipes are often copied to a diskette 
and edited on a PC (off-line editing). Semiconductor-manu 
facturing equipment 10 is located in a clean-room fab and is 
almost continuously used for manufacturing operations. 
Little time on equipment 10 is available for use by the 
proceSS engineer. 
0016 Semiconductor-manufacturing equipment 10 has a 
user interface, allowing recipes to be edited on the machine. 
An engineer could type in a recipe on keyboard 12 and view 
recipes on Video display 14, but it is more convenient to 
copy recipes to a floppy diskette in floppy drive 16 on 
equipment 10. Diskette 18 can then be carried out of the 
clean-room fab and inserted into PC 20 at the engineer's 
office. The engineer can then edit the recipes and create new 
recipes, using a Standard text editor or a proprietary recipe 
editor provided by the Semiconductor-manufacturing equip 
ment manufacturer. 

0.017. These recipes can be printed on the office printer 
22. The new recipes can be copied to diskette 18 and then 
carried into the clean-room fab. The new recipes on diskette 
18 can then be copied to the embedded computer in semi 
conductor-manufacturing equipment 10 using floppy drive 
16. 

0018. Different Machines Use Different Recipe Formats, 
Need Different Editors 

0019. Other semiconductor-manufacturing equipment 10' 
uses a different file format for recipes, and has different 
process parameters and conditions that must be set. While 
recipe editing could be done on Semiconductor-manufactur 
ing equipment 10' itself, this may require that wafer pro 
cessing Stop while the editing is performed. This down-time 
is extremely expensive and disruptive of other fab opera 
tions. 

0020 Instead, an engineer may copy the recipe from 
Semiconductor-manufacturing equipment 10' to diskette 18' 
and carry the diskette to his office PC 20". Since semicon 
ductor-manufacturing equipment 10' is a different machine 
than Semiconductor-manufacturing equipment 10, a differ 
ent editor is used on PC 20' than on PC 20. Some manu 
facturers of Semiconductor-manufacturing equipment 10' 
may supply an off-line recipe editor for use on PC 20, but 
this editor cannot edit recipes from other machines, Such as 
from Semiconductor-manufacturing equipment 10. There is 
no universal editor for different kinds of recipes from 
different Semiconductor-manufacturing equipment. 

0021. Some clean-room fabs now connect semiconduc 
tor-manufacturing equipment 10, 10' to a network Such as a 
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local-area network (LAN). This allows the engineer at PC 
20, 20' to copy recipe files directly from semiconductor 
manufacturing equipment 10 using the LAN. Unfortunately, 
the problem of differing file formats for recipe files from 
different Semiconductor-manufacturing equipment Still 
remains. Often binary, proprietary file formats are used for 
different machines. 

0022. Some of these file formats do not include adequate 
documentation, Such as full revision histories and fields for 
names of engineers making proceSS changes. Security is also 
important, Since operators should not be able to change 
recipes. Even engineers in other groups should not be 
authorized to make recipe changes. Some recipe changes 
may require approval of the engineering or fab-production 
Supervisor while other changes may be allowed. Critical 
parameterS Such as temperature should require a higher 
Security level than leSS-important parameterS Such as fur 
nace-tray push/pull times and wafer-handling time between 
two process chambers. Parameter-level Security is desired in 
addition to Security for the Overall recipe. 
0023. What is desired is an off-line recipe editor for use 
in an office outside of the clean-room fab. It is desired to edit 
recipes from many kinds of different Semiconductor-manu 
facturing equipment machines, including recipes for differ 
ent kinds and makes of machines. It is desired to edit recipe 
files having a variety of proprietary formats using a single 
recipe editor. It is desired to make changes to process 
conditions Such as temperature, reactants, gas flows and 
preSSures, reactions and delay times, and plasma or ion 
beam energies. A universal or unified recipe editor for 
Semiconductor-manufacturing equipment is desired. 

Summary of Invention 
0024. A universal semiconductor-recipe editing system 
has a recipe data object model (R-DOM) object model that 
is coupled to read and write recipe data files. Each recipe 
data file controls a proceSS performed on a wafer by a 
semiconductor-manufacturing machine. The R-DOM object 
model includes a means for reading recipe data files for a 
variety of Semiconductor-manufacturing machines from dif 
ferent vendors that require different native formats of the 
recipe data files. The R-DOM object model locates and reads 
a desired parameter within a recipe data file. 
0025) A visual recipe editor is coupled to the R-DOM 
object model. It displays parameters from the recipe data file 
to a user. The R-DOM object model sends the desired 
parameter to the Visual recipe editor for display to the user. 
0026. An R-DOM file is accessed by the R-DOM object 
model. It identifies locations of parameters in the recipe data 
file. The R-DOM file contains a sequence of parameters. The 
Sequence of parameters is in a same order as a native 
Sequence of parameters in the recipe data file. 
0027. The R-DOM object model reads the R-DOM file to 
determine a location of the desired parameter in the recipe 
data file. The R-DOM object model reads the desired 
parameter at the location in the recipe data file and Sends the 
desired parameter to the Visual recipe editor for display to 
the user. Thus the R-DOM object model uses the R-DOM 
file to locate the desired parameter in the recipe data file. 
0028. In further aspects of the invention each type and 
vendor of Semiconductor-manufacturing machine has a dif 
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ferent native Sequence of parameters in a recipe data file. 
This requires a different R-DOM file with a different 
Sequence of parameters to map parameter locations in the 
recipe data file for each type and vendor of Semiconductor 
manufacturing machine. Thus different R-DOM files are 
used for different Semiconductor-manufacturing machines. 
The machines have different native Sequences of parameters 
in the recipe data files. 
0029. In still further aspects the recipe data files include 
ASCII formats and binary formats. The ASCII formats 
include comma-separated-value formats in which records in 
the recipe data file are delimited by commas. The R-DOM 
object model counts commas in the recipe data file to locate 
the desired parameter. The binary formats include fixed 
record-length formats where each parameter occupies one or 
more fixed-length records. The R-DOM object model counts 
records to locate the desired parameter in the recipe data file. 
Thus the R-DOM object model locates the desired parameter 
in recipe data files with binary formats or ASCII formats. 
0030. In further aspects, the R-DOM file contains limits 
for a parameter. The limits indicate maximum and minimum 
values for a parameter in the recipe data file. However, the 
recipe data file does not contain the limits but only the 
parameter's value. The R-DOM object model further 
includes a validation means that compares a new value of the 
desired parameter to the limits and prevents the parameter 
from being updated to the new value when the new value 
falls outside the limits. Thus limit checking is performed 
using the R-DOM file. 

BRIEF DESCRIPTION OF DRAWINGS 

0.031 FIG. 1 illustrates some of the semiconductor 
proceSS equipment in a wafer-fab clean room. 
0.032 FIG. 2 shows transferring a recipe from a clean 
room to a personal computer (PC). 
0033) 
editor. 

0034 FIG. 4 shows the recipe data object model 
(R-DOM) used by the visual recipe editor. 
0035 FIG. 5 shows the structure and contents of a 
R-DOM file. 

0036 FIGS. 6A, 6B show a flowchart for reading param 
eters from a recipe file for display by the Visual recipe editor. 

FIG. 3 is an overall diagram of a universal recipe 

0037 FIG. 7 is a flowchart for writing parameters to a 
recipe file by the Visual recipe editor. 
0.038 FIG. 8 shows the visual recipe editor reading a 
recipe using the associated R-DOM file. 
0.039 FIG. 9 is a display screen that shows parameters 
from a recipe file using a spreadsheet interface. 

DETAILED DESCRIPTION 

0040. The present invention relates to an improvement in 
Semiconductor-proceSS recipe editing. The following 
description is presented to enable one of ordinary skill in the 
art to make and use the invention as provided in the context 
of a particular application and its requirements. Various 
modifications to the preferred embodiment will be apparent 
to those with skill in the art, and the general principles 
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defined herein may be applied to other embodiments. There 
fore, the present invention is not intended to be limited to the 
particular embodiments shown and described, but is to be 
accorded the widest Scope consistent with the principles and 
novel features herein disclosed. 

0041) Terminology 
0042. The following abbreviations are frequently used in 
the description: 

0043 Recipe-data object model (R-DOM) 
0044) Visual Recipe Editor (VRE) 
0045 Recipe Template File (RTL) 
0046 Recipe Information File (VRC) 

0047 R-DOM is an object. An R-DOM file allows 
R-DOM to be a persistent object. Even when VRE is shut 
down and the instance of the R-DOM object is finished, the 
R-DOM file still exists. The next time a user opens a recipe 
in VRE the R-DOM object will be created based on the data 
in the R-DOM file. The R-DOM file contains the parameter 
names and arrangement that is unique to each recipe. The 
actual parameter values are kept in a recipe data file. 
0048. The inventors have realized that a unified recipe 
editor can be constructed for off-line recipe viewing and 
editing. The unified recipe editor can read recipes from a 
variety of Semiconductor-manufacturing equipment 
machines using recipe data-object-model (R-DOM) files. An 
R-DOM file can be generated for each kind of recipe file 
format to locate process parameters within proprietary 
recipe-file formats. Thus recipes can be read into the unified 
recipe editor from many different Semiconductor-manufac 
turing machines. 
0049. The inventors have further realized that revision 
and author information can be kept in the recipe information 
file (VRC) for each recipe. Additionally, each line of the 
R-DOM file can specify a different process parameter. 
Security or access rights for each parameter can then be 
added for each parameter by including Security codes on 
each line in the R-DOM file. A security system can then be 
queried before each parameter is edited to determine if the 
user has Sufficient privilege to edit that parameter. Thus 
parameter-level Security is provided for process recipes for 
a variety of semiconductor equipment. R-DOM files can 
contain other information not provided for by the native 
recipe format, Such as parameter-level functions and limits. 
0050 Universal Recipe Editing System FIG. 3 
0051 FIG. 3 is an overall diagram of a universal recipe 
editing System. Recipes from a wide variety of Semiconduc 
tor-manufacturing equipment or tools from different vendors 
are located in recipe Storage 36. Recipe Storage 36 may be 
a local hard disk, or may include access to a distributed file 
System Such as a local-area network (LAN). In the case of 
a LAN, the recipes can be located on many different 
Semiconductor-manufacturing machines that are connected 
to the LAN, as well as workstations in the fab and office 
computerS Such as PCs, Manufacturing Execution Systems 
(MES), Recipe Management Systems (RMS), and Enter 
prise ReSource Planning Systems. 
0052 Recipe storage 36 contains the recipe files in a wide 
variety of formats, usually proprietary, machine-specific 
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formats including ASCII and binary. Recipe-data object 
model (R-DOM) 30 is used to construct maps into a recipe 
file that allow the recipe-editing System to locate various 
proceSS and equipment parameters within the recipe file for 
reading and writing. A different R-DOM file is used for each 
different format of recipe files, but Several recipes that share 
the same format may use the same R-DOM file. Often many 
recipes are used for the same Semiconductor-manufacturing 
machine and these have the same recipe format and use the 
same R-DOM file. 

0053 An R-DOM object is constructed using a R-DOM 
file. An instance of an R-DOM object is created by visual 
recipe editor (VRE) 40 to access data from the recipe data 
file. R-DOM 30 provides the mapping of the parameters 
with the corresponding bytes in the recipe data file. When 
the user changes a parameter, Visual recipe editor 40 writes 
the new parameter value to the memory buffer, which is 
changed in the recipe data file when the user chooses to Save. 
0.054 R-DOM objects perform functions such as valida 
tion. Validation of parameters is performed to check that 
updated parameters Still fall within limits, Such as maximum 
and minimum temperatures or flow rates. Complex depen 
dencies among Several parameters may also be checked 
during validation, Such as when a throttle wall is on in the 
first Step, then it will be on in the Second and third StepS. 
Otherwise, if the throttle wall is off in the first step then it 
will be off in the second and third steps. User-defined 
functions can be executed to check these various dependen 
cies during validation. 
0.055 When the user begins a session with visual recipe 
editor 40, user information is collected and verified with the 
Security System 32, which acceSS Security information 34. 
Then visual recipe editor 40 is started based on the user 
profile and preferences. Multiple Sessions of Visual recipe 
editor 40 can be active simultaneously on different office 
PCS and WorkStations. However, at any given time only one 
user can edit a recipe file. 
0056. A user may be allowed to access some recipe files 
but not others. A diffusion proceSS engineer might be 
allowed to acceSS recipe files for diffusion furnaces but not 
recipes for etchers or photolithography machines. Read or 
write privileges may also be verified, allowing a process 
integration engineer or a product engineer to read and 
review recipes but not edit the recipes. 
0057 Even within a single recipe, some parameters may 
be more critical than others. Only a few engineers or 
engineering Supervisors may be allowed to edit these critical 
parameters while lower-level line engineers may edit other 
non-critical parameters. When a user tries to update a 
parameter using visual recipe editor 40, VRE 40 queries 
Security System32 for each parameter update. When Security 
system 32 determines that the user does not have sufficient 
privilege to edit a parameter, VRE 40 prevents the parameter 
update. Thus a user of visual recipe editor 40 may be 
allowed to update Some parameters but not others in a recipe 
file. 

0.058 When the Recipe Editor session on VRE 40 starts, 
the look and feel of VRE 40 is determined by the user 
profiles and preferences. Preferences may include display 
arrangements and Screen attributes. A user of a WorkStation 
within the clean room may specify a profile that uses pop-up 
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keypads on the Screen So that data can be input using a 
touch-Screen display, while an office user can use a Standard 
keyboard and not display the pop-up keypads. 
0059 Recipe Data-Object Model FIG. 4 
0060 FIG. 4 shows the Recipe Data Object Model. The 
concept of an object allows for the definition of a new data 
type according to the needs of the problem to be Solved. 
Objects can contain two different types of information: data 
and functions. R-DOM 30 contains two parts: Data Presen 
tation Component 31 represents the data and information 
about the process parameters (52 of FIG.5) and Behavior 
Component 33 represents Standard functions and custom 
functions (56 of FIG.5). 
0061 R-DOM 30 is a persistent data object. A persistent 
data object is Saved in non-volatile data-Storage memory So 
that when the application shuts down, the objects continue 
to exist in a comma-separated value (CSV), Extensible 
Markup Language (XML), or database file format. The 
R-DOM file contains the standard and custom functions 
used to create and operate R-DOM 30. For example, to 
create an R-DOM object 30, the recipe editor calls the 
ParameterList() function within R-DOM 30. 
0062) While the visual recipe editor is a universal inter 
face in which the recipes are displayed in a Standard way, it 
is the R-DOM file that is unique to each type of recipe for 
a machine. The R-DOM file provides the unique structure 
for each recipe. For example, for a drying recipe the R-DOM 
file will contain the parameters for heat, duration of heat, and 
preSSure level. The actual values for these parameters are in 
the associated recipe data file. 
0063) R-DOM File FIG. 5 
0064 FIG. 5 shows the structure and contents of a 
R-DOM file. R-DOM files are used by the R-DOM object 
and the Visual recipe editor as a map into the recipe data file 
to find a desired parameter value. R-DOM files also contain 
additional information not found in the recipe data file, Such 
as parameter limits and security levels. A different R-DOM 
file is needed for each different kind of semiconductor 
manufacturing equipment for each vendor, Since most use 
different formats for recipe files. R-DOM files are con 
Structed manually using R-visual template builder Software 
tool. 

0065 R-DOM file 46 contains three sections: process 
parameters 52, editor preferences 54, and custom functions 
56. For example an R-DOM file in CSV format defines a 
process parameter 52 in each line, with comma-delimited 
fields. The fields on a line for a parameter Specify the data 
Structure or location within the recipe data file where that 
parameter can be found, and the name and type of parameter. 
The minimum and maximum values for the parameter are 
also included in fields on the line, as are the units of 
measurement for the parameter (Seconds, degrees centi 
grade, cubic-centiliters/sec, millitorr, etc.). 
0066 Names of functions to read and write parameter 
values from the recipe data file are also included on the line, 
as are function names to display, edit, and validate values. 
Parameter-level Security is provided by Specifying a Security 
function for that process parameterEditor preferences 54 
include display colors and column headers (text). Custom 
functions 56 allow the user to write special functions that 
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operate on the parameters. Custom functions can include 
drop-down lists of possible parameter values for use when 
updating parameters, or special warning messages when 
Someone attempts to edit the more critical parameters. 
Multi-parameter validation routines can also be included. 
0067. Often each line in a CSV R-DOM file is for one 
parameter. A typical line in a R-DOM file is shown below: 

0068 0021, TIME1, L, 1:1:33554432, 8, 1, 1, 100, 
Seconds, E. Function, D Function, W. Function, 
R Function, V Function, Eclipse Main, Security 
Group E1 

0069. The first field on the line is the parameter number, 
a unique identifier for the parameter, 0021. The parameter 
number indicates that this parameter is found in the recipe 
file before any parameters numbered 0022 and above, but 
after parameters numbered 0001 to 0020. (All parameters 
are read even if they are not used or displayed.) When the 
parameters in the recipe file vary in record length, the record 
lengths of all previous parameters in the Sequence must be 
Summed to get an offset to the desired parameter. The data 
type field in the parameter's line in the R-DOM file specifies 
the record length for the parameter for variable record 
length files, or the number of records used by the parameter 
for fixed record-length recipe files. Thus the location of any 
parameter in the recipe file may be generated from the 
parameter Sequence list and record length of the parameter's 
data type. 
0070 The parameter name, in second field, is TIME1. 
The third field is the parameter type or location (System, 
Header, Equipment, or Line). TIME1 is a process parameter. 
A page number (1) and display location (1) and attribute 
(33554432) is in the fourth field. This is the screen location 
on the Visual recipe editor that the parameter appears. The 
attribute field defines whether any of the custom functions 
are assigned for a parameter. 
0071. The data type is 8, which is a string S format. The 
data type specifies the record length or the number of 
fixed-length records needed for the parameter value in the 
recipe data file. The default (initial) value is 1, the minimum 
value is also 1, the maximum value is 100, and the units are 
Seconds. 

0.072 A series of function names follows, for edit, dis 
play, write, read, and validation functions for the parameter. 
These functions are called when a user edits/writes, dis 
playS/reads, and validates a parameter. Different read and 
write functions can be called for different parameters of 
recipe files. All the above functions can be called for the 
different parameters. 
0073. The R-DOM file specifies the location of param 
eters within the recipe file. The R-DOM file can be in CSV 
format while the recipe data file is in XML or binary 
formats. The R-DOM file contains the pointers to other 
R-DOM files creating nested recipes. 
0074 Displaying Parameters FIGS. 6A-B 
0075 FIGS. 6A-B show a flowchart for reading param 
eters from a recipe file for display by the Visual recipe editor. 
When a user of the Visual recipe editor opens a recipe file, 
the visual recipe editor executes the procedure of FIGS. 
6A-B. The file-level security is checked by VRE, step 70, 
querying the Security System with the user name and pass 
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word and the recipe file name. If the user does not have the 
correct Security level (does not belong to the Security group 
for the recipe file being opened), then an error occurs and no 
action is performed, Step 74. 
0076. If the user belongs to the correct security group, the 
recipe file is verified, step 72. The data in the recipe file is 
verified one parameter at a time. The R-DOM file or object 
for this recipe file format is opened and used to read the 
recipe file. The R-DOM file specifies the format of the recipe 
file, and the Sequence and length of parameter records in the 
recipe file. 
0.077). If a recipe information file (VRC file) does not 
exist, a new recipe information file is created, Step 118. This 
recipe information file is read to determine which R-DOM 
objects are needed by the visual recipe editor, step 114. The 
R-DOM file is queries for parameter information and loca 
tions, step 16. Recipe data files in the ASCII format can be 
read using different parsing methods as Specified in the 
R-DOM objects. Binary recipe file formats usually have 
fixed file size. Parameters can be found in these files by 
treating them as Streaming data. 
0078 Continuing in FIG. 6B, the visual recipe editor 
reads the parameters at the corresponding offset locations 
within the file as specified by R-DOM, step 110. The recipe 
file is then read one parameter at a time. One of the fields in 
each line in the R-DOM file specifies the name of a 
validation function (V Function). The validation function 
for each parameter (line) is executed, Step 112, to check the 
validity of the parameter value. The parameter value is 
compared to the maximum and minimum values listed for 
that parameter. When the parameter value falls outside the 
minimum or maximum values, validation fails and an error 
is signaled. No action is performed, step 74. If the recipe file 
is corrupted, errors also occur when reading the file, ending 
the read process with error step 74. 
0079 The read function specified in the line (R Func 
tion) is called and executed to read the parameter value that 
is assigned to the corresponding parameter name, Step 78. 
Then the name of the display function (D Function) is read 
from the field in the R-DOM file for the line, and the display 
function is executed, step 75. The display function sends the 
parameter name and value from the read function to the 
Visual recipe editor for display to the user. The user can view 
the parameter value in a customized format using the display 
function. 

0080 Processing then continues in the same way until the 
last parameter is reached, Step 77. Once the last parameter 
(line) in the R-DOM and recipe files have been processed, 
Step 76, reading and displaying is completed. 
0081 Editing Parameters FIG. 7 
0082 FIG. 7 is a flowchart for editing and writing 
parameters to a recipe file by the Visual recipe editor. When 
a user of the Visual recipe editor attempts to write or a 
parameter in a recipe file, the Visual recipe editor executes 
the procedure of FIG. 7. 
0083. The parameter-level security is checked, step 80, 
by the VRE querying the Security Systems to check the 
current user's access level. A field of the parameter defini 
tion in R-DOM contains security information. If the user 
does not have the correct Security access then an error occurs 
and no action is performed. 
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0084. When the user belongs to the correct security group 
for the edited parameter, the edit function (E Function) is 
called by VRE, step 82. The edit function allows the user to 
enter a new value for the parameter. A dialog box can be 
displayed on the Screen, allowing the user to type in a new 
value, or a Selection box with a list of choices may be 
displayed. When the user is running the Visual recipe editor 
on a WorkStation inside the clean-room fab, a touch Screen 
rather than a keyboard may be used. Then the edit function 
displays a keypad on the Screen, allowing the user to preSS 
key buttons on the Visual keypad. 

0085. Once the edit function receives a new parameter 
value from the user, the validation function is called, step 84. 
A field of the parameter definition in the R-DOM file 
contains Security information. The validation function 
checks that the new parameter value falls between the 
minimum and maximum values specified for the parameter, 
and may perform other user-defined checks. If validation 
fails, then no action is taken and an error message displayed 
to the user. 

0.086 All the actual functions have separate names. All 
the display functions start with D, etc. In a R-DOM file one 
has an option to carry out the task of customization using 
five function types. These functions are of type Display, 
Write, Read, Validate, and Edit. There may be several 
functions of Same type with a different name. The naming 
convention for the functions is as follows. The first letter 
defines the function type followed by an underScore ( ) and 
then followed by actual function name. An example of one 
display function is D Numberinput. A write function could 
be W booleanonoff, a Read function could be R booleanon 
off, a Validation function could be V minimaxtest, and an 
Edit function could be E listcomoption. 
0087. Upon Successful verification, the display function 
(D Function) is called. The Display function is defined in a 
R-DOM field for every parameter. Execution of the display 
function, Step 86, displays the values to the user of Visual 
recipe editor. 
0088. The updated parameter is then saved to the recipe 

file, step 88. The write function (W Function) for that 
parameter is called, step 90. The execution of the write 
function converts from display to raw format. The parameter 
is over-written with the updated parameter value. Other 
parameters in the recipe file are not altered. The writing 
proceSS is then completed for the parameter. Other param 
eters can then be updated by the same proceSS when the user 
attempts to edit a different parameter displayed by the Visual 
recipe editor. 

0089 R-DOM and Recipe Files FIG. 8 
0090 FIG. 8 shows the universal recipe editing system 
reading recipe and R-DOM files using a recipe information 
file (a VRC file). VRE 40 reads several files when opening 
a recipe. The recipe data file 42 contains only parameters 
values. Recipe data file 42 must be kept in its original file 
format So it can be read by the Semiconductor-manufactur 
ing equipment. Binary recipe files must be kept in the binary 
format, ASCII files must be kept in the ASCII format, etc. 
Rather than copy parameters to a different file, the param 
eters are directly read from and written to the recipe data file 
42 by VRE 40. Since there is no change of format, the data 
is directly read from its original file. This Saves processing 
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time on the equipment and time as related to recipe editor. 
The overall performance is faster. This avoids the problem 
of Stale data when using intermediate files. 
0091. When a user requests that a recipe data file be 
opened, VRE 40 first reads recipe information file 44. File 
44 contains a list of each parameter in the order that it 
appears in both recipe data file 42 and in R-DOM file 46. 
Both the parameter number and name are included in the line 
of the recipe information file 44. 
0092 For example, recipe information file 42 may con 
tain the lines: 

0093 0001: R-DOM Name 
0094) 0002: Password 
0095 0003: Steps 
0096) 0004: Recipe Name 
0097 0014: Recipe Description 
0098 0015: Creator 
0099 0016: Create Date/Time 
0100 0019: Etch Temp 
0101 0020: Sputter Temp1 
0102) 0021: Sputter Temp2 
0103) 0022: Sputter Temp3 
01.04) 0036: Etch Gas1 
0105 0044: PulseCon Time Sput1 

0106. In this example, these lines specify that the first 
3parameters in the R-DOM file are the R-DOM name, 
password, and the number of Steps, all System parameters. 
The R-DOM name specified in the recipe information file is 
used by the visual recipe editor to open the correct R-DOM 
file. Recipe name, parameter 4, Specifies the name of the 
recipe file. Creator name and date are also System param 
eters. These System parameters are not found in recipe data 
file 42 but only in the R-DOM file 46. Process parameters 
Such as etch and Sputter temperatures, etch gas and Sputter 
time are also listed in the example. These parameters are 
found in both recipe data file 42 and R-DOM file 46. A 
typical file has many more parameters. 
0107 The parameters listed in recipe information file 44 
are identified by visual recipe editor 40 when reading 
R-DOM file 46. The parameters are then extracted from 
recipe data file 42. Visual recipe editor 40 displays the 
parameters to the user on display 48. 
0.108 Recipe information file 44 is used for bookkeeping 
information Such as recipe creation and revision dates, and 
a history of revisions. All parameters are listed in recipe 
information file 44 in the same Sequence order they appear 
in recipe data file 42, except that System and machine 
parameters do not appear in recipe data file 42, only in 
R-DOM file 46. The sequence listing of the parameters is 
used to create a map of parameters in recipe data file 44. 
0109 Parameters Shown in Visual Recipe Editor Display 
FIG. 9 

0110 FIG. 9 is a display screen that shows parameters 
from a recipe data file using the Visual recipe editor's user 
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interface. This is one of several different user interfaces for 
the visual recipe editor. This user interface is divided in to 
two parts: Header and Line. At the top of the Screen, the 
header information for the recipe is shown. A header data 
item can only be defined once in a recipe data file. In a 
header field the user must input values that are true for the 
entire recipe. In contrast, line parameters can be defined 
once or more in a recipe data file. A line parameter is 
variable with each Step. A Step represents one operation Such 
as drying, cleaning, grinding, etc. In the line parameter 
region a user defines the Sequence of operations. The Steps 
and parameter values are for a fictional plasma etch and 
Sputter machine and are not actual values but used for 
illustration only. 
0111. The recipe name is NeoSputr M3B which indicates 
that the recipe is for a Semiconductor-manufacturing equip 
ment machine made by a company called NeoSputter. The 
recipe deposits a third metal layer on a wafer, and is the b 
revision of the process, So the recipe name includes the 
designation M3B. The creator of the recipe is Joe Engineer, 
who created it on Jan. 8, 1999. This recipe was later 
modified on Feb. 6, 1999 by Jim Mgr. 
0112 The recipe is for a fictional semiconductor-manu 
facturing machine made by a company called NeoSputter. 
The machine is a low-preSSure or vacuum-chamber Sputter 
ing machine that directs an electron beam against one of 
Several targets. The electron beam knocks atoms off the 
Surface of the target and into the plasma. The atoms then 
travel through the vacuum chamber to one or more wafers. 
The atoms then stick to the surface of the wafer. Metal 
targets Such as aluminum with various amounts of copper or 
Silicon can thus deposit a metal layer on the wafer. Other 
targets can be Selected to deposit a thin layer of refractive 
metal Such as titanium or tungsten on top of the metal layer, 
or just before the metal layer is deposited. Thus the com 
position of the metal layers can be varied to form contacts 
to other layers with Special properties. 
0113. The NeoSputter machine also can perform a plasma 
etch to clean the Surface of the wafer and the targets before 
deposition. The temperature of the reaction chamber, the 
temperature of the targets, and a flow rate of a liquid that is 
fed into the vacuum chamber to form the plasma can be 
varied as line or proceSS parameters. These process param 
eters are included in the recipe data file. The format of the 
recipe data file is determined by NeoSputter, who makes the 
machine. The process parameter data in the recipe data file 
causes the NeoSputter machine to vary the temperature, flow 
rate, and other parameters, and to end process Steps after 
designated reaction times. This recipe includes 7 steps that 
are performed on each wafer or tray of wafers. 
0114. The process times are the parameter values in 
seconds. The first step is performed for 55 seconds. Then the 
second step is performed for 65 seconds. The third, fourth, 
and fifth steps are timed for 60, 60, and 90 seconds respec 
tively. The sixth and final (seventh) step require 200 and 70 
seconds. Thus the total process time for the wafer is about 
10 minutes. 

0115 Once wafers are moved into the vacuum chamber 
by a robotic mechanism and the preSSure reaches a level Set 
by the machine, the first Step is performed. The proceSS 
temperature parameter Sets the temperature in the vacuum 
chamber. This chamber temperature is initially set to 15 
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degrees centigrade, but then is raised to 105 degrees C. for 
step 5, and then lowered for steps 6 and 7. 
0116. The vacuum valve parameter turns a vacuum pump 
valve ON and OFF. When the vacuum valve parameter is 
ON, the chamber's pressure is pumped down toward a 
vacuum. The vacuum valve is turned OFF for steps 5 and 7, 
but is ON for the other steps. The vacuum is turned OFF for 
step 7 to allow the wafers to be moved out of the vacuum 
chamber and into an air-lock chamber during Step 7. The 
vacuum valve is turned OFF for step 5 during a deposition 
Step to allow the plasma preSSure to rise Somewhat, increas 
ing deposition speed. 
0117. A chiller temperature parameter sets a temperature 
for the targets and Substrate holding the wafer. A cooling 
System cools the target and wafer. The target's temperature 
rises when the electron beam Strikes the target, So a cooling 
System is needed. Likewise, a reduced temperature for the 
wafer is useful to keep deposited atoms from re-entering the 
plasma. The chiller temperature is allowed to rise from 80 to 
8 degrees C. Over StepS 1 to 4, but then the chilling is 
increased for StepS 5 and 6 during the metal deposition when 
the e-beam heats the targets. 
0118. The liquid-1 flow rate increases from 1.5 to 3.1 
cubic-centi-liters per Second over StepS 1 to 4, but then is 
reduced from steps 5 to 7. This liquid could be a reactive 
liquid Such as TiO, that enters the plasma and changes the 
composition of the metal deposited. Thus the recipe first 
deposits a high concentration of Titanium on the wafer, and 
then reduces the Titanium as aluminum is deposited in Step 
5. This creates a titanium contact later below the aluminum 
metal layer, ensuring a better contact or creating a barrier 
metal. 

0119) The final parameter in the last row of the display is 
the target/beam recipe parameter. This parameter is a name 
of another recipe file that is called when the recipe file is 
executes by the NeoSputter Semiconductor-manufacturing 
machine. This target/beam file contains a target Selection 
and a power level for the electron beam, and possibly other 
parameters to control the beam. The recipe file MGR/R1 is 
selected for step 1, while the recipe file MGR/R2 is selected 
for steps 2, 3, and 4. This recipe could keep the beam off. 
Then recipe file MGR/R7 is executed for step 5, perhaps 
Selecting the aluminum target and turning the electron beam 
on to a high power-level. In step 6, recipe file MGR/RO is 
Selected, which lowers the beam power and Selects an 
aluminum-copper target, thus forming a copper layer at the 
top of the aluminum layer deposited in step 5. Finally the 
beam is turned off by file MGR/R9 during step 7. 
0120) The target/beam recipe parameter thus selects 
another recipe file for execution during each Step. This 
allows for nested recipe files. A user can modify the recipe 
by Selecting a parameter for any Step with a mouse or 
keyboard and pushing an edit key. When a user edits a 
parameter value it follows the Sequence of events in flow 
chart 6. 

0121 Advantages of the Invention 
0122) Some of the recipe-file formats do not include 
adequate documentation, Such as full revision histories and 
fields for names of engineers making process changes. The 
Visual recipe editor allows these other parameterS Such as 
revision histories to be kept even when the recipe data file 
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format does not allow for it. Security is also important, Since 
operators should not be able to change recipes. Even engi 
neers in other groups should not be authorized to make 
recipe changes. Some recipe changes may require approval 
of the engineering or fab-production Supervisor while other 
changes may be allowed. Critical parameterS Such as tem 
perature should require a higher Security level than leSS 
important parameterS Such as furnace-tray push or pull 
times. The Security System makes a distinction between 
editing rights given to a proceSS engineer and those given to 
an operator. A process engineer is allowed to change param 
eter values over a large range. An operator is only given a 
Smaller range to tweak process parameter values. 
0123 The access manager performs Security checks 
when a file is opened or revised, and when individual 
process parameters are edited. Security information is 
included with each parameter in the R-DOM file, even 
though Such Security is not provided for by the recipe data 
file. Parameter-level Security is provided along with Security 
for the overall recipe. 

0.124. The off-line recipe editor can be used in an office 
outside of the clean-room fab, as well as on terminals or 
WorkStations inside the fab. Recipes from many kinds of 
different Semiconductor-manufacturing equipment 
machines, including recipes for different kinds and makes of 
machines can be edited by the Same universal recipe editor. 
Recipe files having a variety of proprietary formats are 
edited using a single recipe editor. This allows users to learn 
a single user interface for all types of Semiconductor 
manufacturing equipment. Changes can be made to proceSS 
conditions Such as temperature, reactants, gas flows and 
preSSures, reactions and delay times, and plasma or ion 
beam energies, with tighter proceSS-control limits compared 
to the ones provided by Semiconductor manufacturing 
equipment. 

0.125 The invention provides for customization and gen 
eralization. The flexibility of the R-DOM architecture pro 
vides visual recipe users with a mechanism to create cus 
tomized functionality in addition to Standard functions 
provided by the equipments online recipe editor. With 
R-DOM the user has the flexibility to write customized 
functions using the functions that are built in to R-DOM. 
0.126 Generalization is also provided. The flexible archi 
tecture of the VRE application and R-DOM allows the user 
to incorporate additional functionality. By doing So this 
application can be used not only in Semiconductor manu 
facturing but also in other process industries like disk drive 
manufacturing, flat panel display, pharmaceutical proceSS 
ing, food processing, etc. 

0127. Alternate Embodiments 
0128 Several other embodiments are contemplated by 
the inventors. For example the R-DOM file can use different 
formats, and parameters can occupy Several lines in the 
R-DOM file or several parameters can share the same line. 
Formats include ASCII formats, including comma-separated 
value (CSV), comma-separated name-value pair (CSNVP), 
extensible-markup language (XML) and a wide variety of 
custom formats. Not all fields on a parameter's line need to 
be explicitly specified. Default values for edit and read 
functions can be used. A different naming convention can be 
used for these functions. Since proceSS recipes are Some of 
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the most closely-guarded Secrets in the Semiconductor 
industry, the examples described herein are fictional and do 
not show actual process conditions. The actual process 
parameters and conditions can easily be Substituted into the 
recipes by proceSS engineers. 

0129. The recipe information file and R-DOM files can 
be combined into a Single file, or can be divided into more 
files. Rather that use object-orientated programming tech 
niques, other programming techniques can be used to imple 
ment the functions performed by the Visual recipe editor. 
Parts of the editor can be standard modules Such as 
Microsoft Windows, Office or Unix functions and can be 
shared with other applications. Many different programming 
languages can be used. 
0.130 Recipe storage may be a local hard disk, or may 
include access to a distributed file System Such as a local 
area network (LAN). In the case of a LAN, the recipes can 
be located on many different Semiconductor-manufacturing 
machines that are connected to the LAN, as well as work 
Stations in the fab and office computerS Such as PCs, also 
Manufacturing Execution Systems (MES), Recipe Manage 
ment Systems (RMS), and Enterprise Resource Planning 
Systems. 

0131 The foregoing description of the embodiments of 
the invention has been presented for the purposes of illus 
tration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the Scope of the invention 
be limited not by this detailed description, but rather by the 
claims appended hereto. 

1. A Semiconductor-proceSS recipe editor comprising: 
a data-presentation component having access to recipe 

data files, the recipe data files for Specifying process 
parameters including temperature, process time, flow 
rates, and power levels for fab equipment that form 
electrical circuits onto Semiconductor wafers, the 
recipe data files computer-readable by the fab equip 
ment, 

wherein the recipe data files are in various formats, each 
format Specific to a specific proceSS Step performed by 
a piece of fab equipment; 

a display component for generating a visual display of 
values of the process parameters to a user; 

a behavioral component coupled to the data-presentation 
component, including: 

file-validator means for validating access to a recipe 
data file by a user; 

parameter-read means for reading a process parameter 
from the recipe data file at a location determined by 
a recipe data object model (R-DOM) file specific to 
the fab equipment controlled by the recipe data file; 

parameter-display means, coupled to receive a process 
parameter from the parameter-read means, for Send 
ing the process parameter to the display component 
for display to the user; 

parameter-Security means, activated when the user 
requests to modify a Selected process parameter, for 



US 2002/0055804 A1 

reading a Security indicator for the Selected process 
parameter from the R-DOM file, the security indi 
cator indicating when the user has a Security level 
Sufficient to modify the Selected process parameter, 
wherein the user is prevented from modifying the 
Selected process parameter when the Security indi 
cator indicates that the user does not have Sufficient 
Security to modify the Selected process parameter; 

parameter-edit means, activated when the parameter 
Security means clears the user to modify the Selected 
process parameter, for displaying a dialog box on 
with the display component, the dialog box allowing 
the user to Select a new value for the Selected process 
parameter, 

parameter-verify means, activated by the parameter 
edit means when the user Select a new value, for 
validating that the new value is valid for the selected 
process parameter, and displaying an error when the 
new value is not valid; and 

parameter-write means, receiving the new value, for 
over-writing an existing value of the Selected process 
parameter in the recipe data file with the new value 
at a location determined by a R-DOM file specific to 
the fab equipment controlled by the recipe data file; 
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whereby the recipe data file is directly written with new 
values of process parameters using the R-DOM file 
to determine the location of parameters in the recipe 
data file. 

2. The Semiconductor-proceSS recipe editor of claim 1 
wherein the parameter-Verify means compares the new value 
to limits for the Selected process parameter, the limits being 
stored in the R-DOM file, wherein limits in the R-DOM file 
are used to validate new parameter values. 

3. The Semiconductor-proceSS recipe editor of claim 1 
wherein the R-DOM file further comprises: 

a Sequence of proceSS parameters indicating locations of 
the process parameters in the recipe data file, and 

System parameters that are not present in the recipe data 
file, the system parameters being stored in the R-DOM 
file but not in the recipe data file, whereby additional 
parameters are stored in the R-DOM file that are not in 
the recipe data file. 

4. The Semiconductor-proceSS recipe editor of claim 3 
further comprising: 

an index file containing a list of parameters in the R-DOM 
file and in the recipe data file, the indeX file including 
a pointer to the recipe data file and a pointer to the 
R-DOM file. 


